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FIJ%EITINVXSTICATIONFROMHIC3EXI&50NICTO HJTERSONIC

SPEEDSTO~ THEZERO-LIFTIRAGOFA

TRANSONICRESEARCHVXHICIEHAYING

W2NGSOF 45° SWEE2BACK,ASPECTRATIO4,

Tmm WIO 0.6, m NACA65M06mom SECTIONS

By Ems Katz

SUMMARY

Rocket-poweredf13@rttestsweremadefmm highsubsonicto super-
sonicspeedsandathi@ Reynoldsnumbersto determinethezero-lift
dragofa &>sonic wing-bodyandbody-aloneconfiguration.Thetest
wingwasof45° weepback,aspectratio4, taperratio O.6, and
NACA65m6 airfoilsectioninthefree-streamdirection.Thelodyhad
a finenessratioof10 anda frontalareaequalto 6.06percentof the
~-pl~-form area.

Thetestresultsindicatedthatat supersonicspeeds,thedrag
coefficientbasedon totalwingareawasapproxhately0.015forthe
bodyandO.027forthebody-plus-wingconfiguration;at subsonicspeeds,
thedragcoefficientwasapproximately0.008forthebodyandO.013for
thebody-~lus-wingconfiguration.Theforce-breakMachnumberwas0.98
forthebodyandO.95 for thebody-plus-wingconfi~ation.Thebase
contributedverylittleto thetotaldragofthetestmodelsbutindi- ‘
cateda possibletiterferenceeffectinthattheadditionofthewing
andremovaloftwostabilizingfinsincreasedthebasedragcoefficient
by 0.002at a Machnumberof0.95.

INTRODUCTION

—

As a partof anNACAprograiiof transonicresearch,theLangley
Pilotlea~Aircraft RescmrchDivisionismakinga series01’flighttests
at itsWallopsIslandfacilityto investigatetheaerodynamiccharacter-
isticsof severalrocket-poweredwing-bodyconfigurations.Thesetests
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areof a continuousnaturefromhighsubsonic
athigh.,R@noldsnumbers.
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to supersonicspeedsand d
x~

Thispaperpresentszero-llftdrag&itafor a bodyaloneandfora
wing-bodyconfigurationhavingwingsof45°sweepbackonthequarter-
chordline,aspectratio4,taperratio0.6, andanNACA65Ao06airfoil
sectioninthefree-streamdirection.Thebodyhada finenessratio10
withfrontalarea6.06percentofthew!ngm“e’a.

—.—
—

TheMachnumberrangeofthetestswasfromO.83to 1.92andthe ...=
Reynoldsnumbervariedfrom6 x 106to23 x 106basedo;thewingmean —.
aerodynamicchord.

dragcoefficient
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SYMBOIS
-......—

base-presswecoefficient(w-) .,
pressureactingonbaseofmodel,poundspersquarefoot

free-streamstaticpressure,pouui.s

-tic pressure,poundspersquare

alrdensity,slugs/feet3

velocity,feetyersecond

()Machnumber~

speedof sound,feet/second

wing-plan-formarea(includingarea
1~.208squarefeet

—

●✎�

~imsquarefoot ——
9-

foot
()~+
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withinbody),
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bo5+yfrontalarea,0.923squarefoot —
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MODEISANDTE91S

Thegeneralarrangementsandprofilecoordinatesforthetestcon-
figurationareshowninfigure1 andtableI, and~hotographsofthe
testmodelsonthelaunchingstandaregivenasfigure2. Thebodywas
identicalforbothconfigurationsandhada lengbhof10.8feet,diameter
of 1.08feet,,andfrontalareaof0.923squarefoot. Thebodyshapewas
modifiedfrcmthatofthefree-fallbodies,reference1,by cuttingoff
thepointedsternat the83.5-percentstation.A base-pressuretubewas
locatedinthesternendofthebody;a detailof itstistallationis
showninfigure3. Thewtnghada sweepbackof 45°onthequarter-
chordline,aspectratio4, taperratio0.6,andNACA65AcM)6airfoil
sectionsparallelto themodelcenterhe. Thewing-plan-formarea
was15.208squarefeetandthewingwaslocatedsuchthattheone-
quarterpointofthemeanaerodynamicchordfellatthestationcorre-
spondingtothemaximumillsmeterofthebody(6.5 feetrearwardofthe
nose). Thefiglessconfigurationwasstabilizedbyfourfinsandthe
wingedconfigurationbytwofinsintheverticalplaneendby thewing
inthehorizontalplane.Allfinswereof 1.23squarefeetexposed
areaeach,havingapproximately60°sweepbackandmeanthicknessratio
of 3 percent.

Withtheexceptionofthemetalfins,allsurfacesofbothcon-
figurationswerewoodendhada mmoth andhighlypo~shedlacquered
finish.

Thewinglessandwingedconfigurationswereeachpropelledby a
Deaconrocketmotorwhichdeliveredapproximately6200poundsofthrust
for3.2 seconds.

VelocityanddragwereobtainedfromtheCWDopplervelocimeter
describqdInreference2 anddragandbasepressurewerereducedfrom
datatelemeteredby a two-chamnelinstrumentationunitincorporatinga
longitudinalaccelermneterandpressurecell.Trajectoryandatmos-
phericdatawereobtainedfromtheNACAmodifiedSCR-584radartracking
unitandbyradiosondeobservations.

Total-dragcoefficientsreferto themeasuredtotaldragofthe
testconfigurationsandbase-dragcoefficientsreferto thedragcon-
tributionofthebase. Thebase-dragcoefficientis computedas equal
to theproductofthebase-yressurecoefficientandtheratioofthe
baseareatowingarea,(O.015)by assumingthatthemeasuredbase
pressureactsovertheentireareaofthebase.

.

‘a
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Theerrorintheresultsisbelievedto

limits:
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be witlxln&e following
—-..

Quantity Error
M = 1.0 M= 1.5

~ (referredto wing-plan-formarea):
Total. ... . . . . . . . . . . . . . *o.Oo1 *o.001
Base.. . . . . . . . . . . . . . . . *O.00038 *o .00015

c%””””””””””””””’””” “ *0.025-”” *C).010
M . . . . . . . . . .:.. . . . . . . +0.01 *o .01
t

ThevariationofReynoldsnuriberwitt.lkchnumberforth6test
modelsisshowninfigure4. ~eReynoltinumberwasbasedonthewing
meanaerodynamicchordof1.$?9feet.

Curvesof drag
in figure5 forthe”
Dopplerdragvalues

RESUIU%3ANDDISCUSSION

coefficient@ agaizstMachnumberM aregiven
wfngedandwinglessmcdels.Bothte~emeterand
aregiveninfigure5 andalsoticludedarethebase-

drag-coefficientcurves&ich have~eentaken.fromthebase-pressure
coefficientsgiveninfigure6.

Thetotal-drag-coefficientvariationfor.$hewinglessmodelshowed
a subsonicvalueof0.008’androseabruptlyat a force-breakMachnuniber
of0.98to a nearlyconstantsupersonicvalueof0.015.”Thetotal-drag-
coefficientvariationforthewtngedconfigurationshow6da &nzbs&ic
valueof0.013androseabruptlyata force-breakMachnumberof0.g5
to a ratherconstantsupersonicvalueof0.027.It is apparent that the

basecontributesverylittletothetotaldragofthetestconfigurations
at supersonicspeeds.

Thedifferencebetweenthewingedandthewinglesstotal-drag
coefficientsrepresentsthewing-plus-interferencedragminusa smalJ
contributionoftwostabllfz@fins. Thecontributionofthetwo
stabilizingfinshasbeenroughlyaccountedforby addingto thediffer~-”
encebetweenbodyandwing-bowvaluesan estimated@ increment
of0.001atsubsonicspeedsand0.002at supersonicspeeds.Figure7
givesthevariationofthis’correctedwing-ylus-interferencedrag
coefficientwithMachnumber.Thevariationgivesa wlng-plus-
interferencedragcoefficientof approxhmtely0.006at subsonicspeeds
and0.013at supersonicspeeds.
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EYeel.y-falMng-bodytestsof a configuration
wingslocatedattwolongitudinalstationsonthe

having4.5°sweptbaok
bodyofreference1

(fromwhichthepresentbodyshapewasderived)werereportedinrefer-
ence3. Thereferencewingswerenontapered,of as~ectratio4.1,and
hadIiACA65-seriessectionsof6.36-percentthicknessratiointhefree-
streamtiection.Thewing-plus-interferencedragcoefficientshavebeen
determinedfromthetotal-drag-coefficientcurvesofreferences1 and3
andarecomparedwiththepresenttestresultsinfigure7. Thestation
of the0.5-root-chordpointofthewingsrelativeto thestationof
maximumdiameterwas1.5diametersforwaxdendrearwardfortherefer-
encetestsand0.6diameterforwardforthepresenttests.

Thecomparison.indicatesthatthewing-plus-interferencedragof
thepresentmnfigurationtightbe si@ficantlyreducedbya rearward
shiftingofthewing.Evidenceof an unfavaableinterferenceeffect
is indicatedbelowM = 1 by thebase-drag-coefficientmrves in
figure5 whereintheadditionofthewingandremovaloftwofins
increasedthebase-dragcoefficientby 0.002at M . O.~.

Base-pressurecoefficientsforthebody-aloneandwing-bodycon-
fig&ationsaxeshownovertheI&ohnuniberrangeinfigure6. The
differencesin configurationbetweenthetwotestmodelshadlittle
effectontheresultsabovea Maohnumb& of 1. Below M= 1 however
thereappearsto be a markedquantitativedifferencedueto a configura-
tionohangealthoughthequalitativeagreamentremainsgood.

Testsofa similarbodyat lowReynoMsnraibersbutwithartificial
transitionatthenosewerereportedh refer~ce4. Thebase-yressure
Coefficientwasindicatedto be -0.035at M = 1.5 whichcompares
favorablywiththepresentresults.

Total-dragcoefficient,referredto bodyfrontalerea,againstMach
numberisgiveninfigure8 forthewinglessconfiguration.Forcom-
parison,theresultsofreference1 areinoluded.Whenproperallowance
ismadefortheeffectofthefinsandofthedifferencesinbodyshape
neerthetail,reasonableagreementis indicatedat supersonicspeeds.

.
CONCLUSIONS

Thezero-liftdragof a transonioresearohmodelwithandwithout
taperedwingssweptback45°hasbeenmeasuredat supersonic,transonic,
andhighsubsonicspeedsandathighReynoldsnumbersinflighttests
ofrocket-poweredmode~. Withinthelimit+oftheinvestigationthe
resultsindicatedthefollowing:
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1.ThedragcoefficientatsupersonicspeedswasayproxjmatelyO●015
forthebodyand0.027forthebody-plus-wingconfiguration. -..“—

2.Thedragcoefficientat subsonicspeedswasapproximately0.008 “”
forthebodyand0.013forthebody-plus-wingconfiguration.

3. Theforce-breakMachnmber was0.98forthebodyandO.~ for
thebody-plus-wingconfiguration. , —

4.Thebasecontributedverylittletothetotaldragofthetest –
models,butthebase-pressuredataInticateda possibleinterference
effectinthattheadclltionofthewingandremovaloftwostabilizing
finsincreasedthebase-dragcoefficientby0.002at a Machnumber
of0.95. -- -.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyU ForceBase,Va.

1.Thompson,JimRo&rs,and
BodyofFjnenessRatio
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Body coodides in inches
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Body c0 ot-dinctes
l.WMm++msmvc model

1 I I
Umo 54,600
0.36062400

/:/70 0.465 70.2LD
/350 066$ 78,(U?
3s& f;26 65*EW

7 w93,6ZU
/.7D i5/7 /0/.40

/S.600 3.07s/09.2m
23.400 4.046//7,Luo
3/a2m 4820/24.@O
a:~o ti405 /3~ao
Nose rud..>s = .078inch

+

‘ Wing coofdinafesIWpercentchmd

-ALd I

72.996
2.99
292
2.793
2.602
2,364
2.0$
/.7?
/.43
/.083
0.72
0.37

3.014%C

—

..-
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General arrangementof test model. w@3-~oQ Cofl%u=tlonf3hown.Body-alonecofllguration g
Identicelexcept EW note@,. o
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(a) Body alom. (b) Wing-body configuration.

Figure 2.- Photograp launch~ pmition.
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Fi~e 3.-Detail of bam+~eseum+tube installation.
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/Vach nwnher, M~i,-.

Figure h.– Varktlon of Reynolds number with Mach number for test modelE. Reynolds ?IUMI19XSbreed on
wing mean aerodynamicchord of 1.99 feet.
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Figure 6.-Variatlon oflmae-pressure coefficientwith Mach,number for the teat models.
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Figure 7.- Varia%fon of wiw+plue-interfe-
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Figure 8.-varfatlon
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